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@ An apparatus for securing a system platform. 



(57) An apparatus (10,30) for securing a system 
platform which monitors unauthorized attempts 
at accessing a secure memory portion (20) with- 
in the system. The system includes a single 
microcontroller (12), a memory means (16) 
coupled to the microcontroller for storing infor- 
mation, a partition register (24) for partitioning 
the memory means into a secured address por- 
tion (20) and non-secured address portion (22), 
and a controlling means including the micro- 
controller (12) and a platform security monitor 
(14) for controlling access to the secured and 
non-secured address portions. The system may 
additionally include a circuit (80,81) for recog- 
nizing and logging unauthorized attempts at 
accessing the secure memory portion. 
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The present invention relates to an apparatus for 
securing a system platform. 

In particular the present invention relates to cir- 
cuitry for controlling access to programming and data 
within a computerized system, and more specifically s 
to an apparatus for securing a system platform. 

Secure system platforms are necessary in some 
environments, and especially in retail environments 
to prevent theft A secure system platform is one in 
which an application program cannot access or mod- w 
ify data, the operating system, encryption codes, or 
other secure functions which reside in the secured 
system platform. It should be understood that a sys- 
tem platform is a portion or level of system memory 
and a secure system platform is a portion or level of 15 
system memory which may not be accessed without 
authorization. 

Present secured system platforms are secured 
through the use of two microcontrollers, one for main- 
taining the secured environment, and anotherfor run- 20 
ning application programs. This approach is very 
costly. 

It is an object of the present invention to provide 
an apparatus for securing a system platform which is 
of simplified construction. 25 

According to the present invention there is pro- 
vided an apparatus for securing a system platform, 
the apparatus comprising: a single microcontroller 
which is capable of running application programs; a 
memory means coupled to the microcontroller for 30 
storing information; partitioning means for partition- 
ing the memory into a secured address portion and 
a non-secured address portion; and controlling 
means, including the microcontroller, coupled to the 
partitioning means for controlling access to the se- 35 
cured address portion of the memory means. 

The system may additionally include a circuit for 
logging unauthorized attempts at accessing the se- 
cure memory portion. 

Preferably the platform security monitor includes 40 
a first circuit coupled to the partition register for de- 
termining which address portion the microcontroller 
attempts to access; a second circuit coupled to the 
first circuit for detecting signals from the microcon- 
troller attempting to read, write, or fetch information 45 
from the secure address portion; a third circuit for de- 
coding a predetermined sequence of write signals 
from the microcontroller; a fourth circuit coupled to 
the outputs of the first, second, and third circuits for 
generating a blocking signal when the microcontroller so 
attempts to read, write, or fetch information from the 
secure address portion and when the microcontroller 
generates a sequence of write signals different from 
the predetermined sequence of write signals; and a 
fifth circuit for blocking enable signals from the micro- 55 
controller to the memory in response to the blocking 
signal. 

Embodiments of the present invention will now 



be described, by way of example, with reference to 

the accompanying drawings, in which:- 

Figure. 1 is a block diagram of a first embodiment 
of the system in accordance with the present in- 
vention; 

Figure. 2 is a block diagram of a second embodi- 
ment of a system in accordance with of the pres- 
ent invention; 

Figure. 3 is a schematic diagram of a platform se- 
curity monitor in accordance with the present in- 
vention; 

Figure. 4 is a flow diagram of a method of secur- 
ing a system platform in accordance with the 
present invention; and 

Figure. 5 is a flow diagram of a method of recog- 
nizing unauthorized access attempts in accor- 
dance with the present invention. 
Referring now to Figure. 1, secure microcontrol- 
ler-based system 10 includes microcontroller 12, 
platform security monitor (PSM) 14, and memory 16. 
Microcontroller 12 is coupled to memory 16 through 
address, data, and control bus 18. 

Memory 16 is partitioned into secure address 
partition 20 and non-secure address partition 22. Se- 
cure memory partition 20 includes memory-mapped 
device memory. 

PSM 14 includes partition registers 24 which 
store information about the partition address 26 be- 
tween secure and non-secure address partitions 20 
and 22. PSM 14 continually monitors bus 1 8 and com- 
pares the addresses with partition registers 24 to de- 
termine whether microcontroller 12 is accessing se- 
cure or non-secure addresses. The purpose of PSM 
14 is to assure that microcontroller 12 only reads or 
writes to secure addresses when operating within the 
secure address partition 20. Thus, system 10 cannot 
be misused by any application running on system 1 0. 

Turning now to Figure. 2, another embodiment 30 
of the system of the present invention is shown. PSM 
14 is shown as residing on the same chip 32 as mem- 
ory management circuit 34, which makes more mem- 
ory 16 available through mapping methods well 
known in the art. PSM 14 and memory manager cir- 
cuit 34 physically separate microcontroller 12 from 
memory 16 and any memory mapped devices. Thus, 
removal of chip 32 renders system 30 inoperable. 

In both Figures. 1 and 2, memory 16 is divided 
into two memory partitions for purposes of example 
and simplicity. However, the present invention envi- 
sions a memory divided into any number of partitions 
by simply storing several partition addresses in sev- 
eral partition registers. 

Turning now to Figure. 3, PSM 14 of Figure. 1 is 
shown in more detail. PSM 14 includes security flip- 
flop 40 that holds PSM 14 in either a locked or un- 
locked mode of operation. Flip-flop 40 receives inputs 
from state machine 42 and OR gate 44. State ma- 
chine 42 receives write signals "SCRO", SCR3", 
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and "SCR1", from microcontroller 12 and produces 
an "unlock" signal when three consecutive write cy- 
cles occur. 

OR gate 44 is part of a circuit including compar- 
ator 46 and AND gate 48. Comparator 46 compares 5 
addresses from bus 18 with partition address infor- 
mation in partition register 26. The output signal from 
comparator 46 is fed to the inverting input of AND 
gate 48 f which also receives a "fetch" (memory read) 
signal input. The output signal from AND gate 48 is fed 10 
to OR gate 44, which also receives a "reset" signal 
and a write signal "SCR3" from microcontroller 12. 

PSM 14 is unlocked when microcontroller 12 
sends outthree write signals (SCRO, SCR3, SCR1) to 
three predetermined non-sequential addresses with- 15 
out any intervening read, write, or fetch bus cycles. 
The unlock signal from state machine 42 changes the 
output of flip-flop 40 to the unlocked mode. One skil- 
led in the art could make several state machines (or 
even another form of circuit) that could produce a se- 20 
cure unlock signal without departing from the scope 
of the present invention. 

Flip-flop 40 produces an output signal indicating 
locked or unlocked mode which is fed to AND gate 52, 
which also receives an input signal from comparator 25 
54. Like comparator 46, comparator 54 monitors ad- 
dress bus 18 and compares addresses from bus 18 
with partition address information in partition regis- 
ter 26. Two comparators, 46 and 54, having the same 
function, are employed by the circuit in Figure. 3. so 
However, it is understood that one comparator may 
be used for economy. The output signal from AND 
gate 52 is fed to blocking circuit 56 and to AND gate 
80. 

In operation, when microcontroller 12 is operat- 35 
ing in non-secure partition 22, PSM 14 is in a locked 
mode. PSM 14 monitors address bus 18 and any at- 
tempt to read, write, or fetch an instruction from an 
address in secure partition 20 triggers PSM 14 to 
block the enabling signal to memory 16. 40 

When operating in the locked mode, comparator 
54 compares the address from address bus 18 with 
the partition information in partition registers 26. If 
the address is within secure partition 20, microcon- 
troller 12 is trying to access secure addresses. Com- 45 
parator 54 sends a signal to AND gate 52, which com- 
bines with the "locked mode" signal from flip-flop 40 
to satisfy the "AND" condition of AND gate 52. AND 
gate 52 then sends a signal to blocking circuit 56, 
which blocks the microcontroller cycle by sending a 50 
signal that blocks the memory enabling signals. 
Since ail memory accesses are disabled, microcon- 
troller 12 cannot read, write, or fetch instructions from 
memory 16. 

AND gate 52 also sends a signal to AND gate 80 55 
which combines with the fetch signal to satisfy the 
AND condition of AND gate 80. The output of AND 
gate 80 provides a "set" signal to SR flip-flop 81. 



When flip-flop 81 is set, a security breach has occur- 
red as microcontroller 12 has tried to fetch an instruc- 
tion from a secure address while in the locked mode. 
The state of flip-flop 81 may be read by microcontrol- 
ler 12 through various methods known in the art for 
accessing a status port The reading of the status 
port will reset flip-flop 81 . 

When PSM 14 is in the locked mode, any attempt 
to execute an instruction in the secure partition 20 
triggers PSM 14 to reset or otherwise disable micro- 
controller 12. Therefore, PSM 14 does not allow any 
modifications or reading of data or instructions stor- 
ed at secure addresses, and does not permit the ap- 
plication, which operates in non-secure partition 22, 
to pass control to any instruction set stored at a se- 
cure address by simply fetching secure instructions. 

Various methods known in the art may be used 
to reset or disable microcontroller 12. For example, 
microcontrollers which have internal data bus pul- 
lups, and which reset when an instruction containing 
all binary ones is received, are resetable by disabling 
the chip enable of the memory chips employed. Alter- 
natively, a reset instruction may be forced onto the 
microcontroller bus. Some microcontrollers can be 
disabled by triggering the reset input on the micro- 
controller. 

The application can invoke certain secure func- 
tions by following the sequence in the flowchart 
shown in Figure. 4, which illustrates the operation of 
system 10, beginning with START 60. 

In block 62, an application selects which secure 
function it wishes to invoke from the list of permissi- 
ble functions. 

To run the secure function the application writes 
the appropriate selection key to a selection register 
in block 64. 

In block 66, the application passes control to a 
pre-designated secure entry address internal to mi- 
crocontroller 12 where a secured access routine re- 
sides. 

In block 68, microcontroller 12 executes the first 
set of instructions of the secured access routine, 
which are instructions to unlock PSM 14 so that mi- 
crocontroller 12 can access secure addresses. PSM 
14 is unlocked when the microcontroller sends out 
write signals SCR0 f SCR3, SCR1 to three predeter- 
mined non-sequential addresses without any inter- 
vening read, write, or fetch bus cycles. 

Only internal memory instructions can perform 
such a sequence of write commands because mem- 
ory fetch cycles will not appear on external bus 18. 
Therefore, the unlocking sequence does not have to 
be secret because an application can not possibly du- 
plicate it without an intervening fetch on bus 18. 

After unlocking PSM 14, the secured access rou- 
tine instructions reads the selection key from the se- 
lection register and executes the appropriate secure 
function in blocks 70 and 72. Microcontroller 12 has 
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access to all secure addresses at this time, which is 
acceptable because microcontroller 12 is executing 
secure instructions that are stored entirely within se- 
cure partition 20. 

Figure. 5 illustrates a possible method of monitor- 5 
ing unauthorized attempts at accessing secure par- 
tition 20, beginning at START 91 In block 90, micro- 
controller 12 is initialized by a reset or power-on con- 
dition. 

In block 92, microcontroller 12 performs internal w 
diagnostics to verify normal operation. 

Before starting an application, microcontroller 12 
reads the security status port to determine the status 
of flip-flop 81 in block 94. 

In block 96, the breach bit is tested to determine 15 
if an unauthorized access attempt has occurred. If an 
unauthorized access attempt has occurred, the 
breach flag is set in block 98 and the recovery proce- 
dure is executed in block 99. The recovery procedure 
may include logging instances when the breach flag 20 
is set, and clearing the breach flag. 

If an unauthorized access attempt has not occur- 
red, then the application is started. 

Unlocked PSM 14 sits poised to return to the 
locked mode if microcontroller 12 resets, sends out 25 
write signal SCR3, or attempts to fetch an instruction 
from a non-secure address. Comparator 46 continu- 
ally monitors bus 18 for any attempt to access non- 
secure memory partition 22 by comparing the ad- 
dress with the partition information in partition reg- 30 
isters 26. If the address is within secure partition 20, 
then comparator 46 sends a signal to the inverting in- 
put of AND gate 48. AND gate 48 combines the signal 
that a non -secure address has been addressed and 
a signal that indicates that microcontroller 12 is fetch- 35 
ing an instruction. When the AND condition is met, 
AND gate 48 sends a "lock" signal to OR GATE 44. 
OR GATE 44 generates a "lock" signal to set flip-flop 
40 if it receives a reset signal, write signal SCR3, or 
a "lock" signal from AND gate 30. 40 

When microcontroller 12 finishes executing the 
secure instructions it will pass control back to in- 
structions in non-secure partition 22 in block 74. This 
first fetch instruction to an application address caus- 
es PSM 14 to immediately go back to a locked mode 45 
so that no application instruction can ever modify se- 
cure memory partition 20 or execute secure func- 
tions directly. The present invention envisions modi- 
fications to the conditions that cause flip-flop 40 to 
set. so 

In view of the foregoing it will be clear to a person 
skilled in the art that modifications may be incorpo- 
rated without departing from the scope of the present 
inventions. 



Claims 

1 . An apparatus for securing a system platform, the 
apparatus comprising: a single microcontroller 
(12) which is capable of running application pro- 
grams; a memory means (16) coupled to the mi- 
crocontroller for storing information; partitioning 
means (24,26) for partitioning the memory into a 
secured address portion (20) and a non-secured 
address portion (22); and controlling means 
(12,14), including the microcontroller, coupled to 
the partitioning means for controlling access to 
the secured address portion of the memory 
means. 

2. An apparatus as claimed in claim 1, further com- 
prising: recognition means (80,81) for recogniz- 
ing unauthorized attempts at accessing the se- 
cure address portion of the memory means. 

3. An apparatus as claimed in claim 1, or claim 2 
characterized in thatthe partitioning means com- 
prises: a partition register (24). 

4. An apparatus as claimed in any of claims 1 to 3, 
characterized in that the controlling means com- 
prises: first circuit means (46,54) coupled to the 
partitioning means for determining which ad- 
dress portion the microcontroller attempts to ac- 
cess; second circuit means (44,48) coupled to the 
first circuit means for detect ing signals fro the mi- 
crocontroller attempting to read, write, or retch in- 
formation from the secure address portion; third 
circuit means (42) for decoding a predetermined 
sequence of write signals from the microcontrol- 
ler; fourth circuit means (40) coupled to the out- 
puts of the first, second, and third circuit means 
for generating a blocking signal when the micro- 
controller attempts to read, write, or fetch infor- 
mation from the secure address portion and 
when the microcontroller attempts to read, write, 
or fetch information from the secure address por- 
tion and when the microcontroller generates a 
sequence of write signals different from the pre- 
determined sequence of write signals; and fifth 
circuit means (56) for blocking enable signals 
from the microcontroller to the memory in re- 
sponse to the blocking signal from the fourth cir- 
cuit means. 

5. An apparatus as claimed in claim 4, character- 
ized in that the first circuit means comprises: a 
comparator (46,54). 

6. An apparatus as claimed in claim 4 or claim 5, 
characterized in that the second circuit means 
comprises: an AND gate (48) having an input 
from the first circuit means and a fetch input from 
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the microcontroller; and an OR gate (44) having 
an input from the AND gate, a write signal input 
from the microcontroller, and a reset input from 
the microcontroller. 

5 

7. An apparatus as claimed in any of claims 4 to 6, 
characterized in that the third circuit means com- 
prises: a state machine (42). 

8. An apparatus as claimed in any of claims 4 to 7, 10 
characterized in that the fourth circuit means 
comprises an RS-type flip-flop (40) having inputs 
from the second and third circuit means; and an 
AND gate (52) having inputs from the RS-type 
flip-flop and the first circuit means (54). 15 

9. An apparatus as claimed in claim 2, character- 
ized in that the recognition means comprises an 
AND gate (80) having fetch and blocking circuit 
enable inputs and an output; and an SR-type flip- 20 
.flop (81) coupled to the output of the AND gate 
(80), the And gate having a status read input and 

a breach signal output. 

25 



30 



35 



40 



45 



50 



5 



EP 0 602 867 A1 



FIG. 1 




DISABLE 



10 



ADDRESS, DATA, 
AND CONTROL BUSES 



14 



s 



26 



PLATFORM SECURITY 


MONITOR (PSM) 




PARTITION 






REGISTERS 






\ 





24 



,-16 



NON- 
SECURED 
ADDRESSES 



SECURE 
ADDRESSES 
MEMORY & 
MEMORY 
MAPPED 
DEVICES 



22 



20 



FIG, 2 



30 



r 



12 



MICRO 
CONTROLLER 



ADDRESS, 
DATA, 
AND 

CONTROL 
BUSES 



I 



18 



DISABLE 




32 



14 



PSM 



MEMORY 
MANAGEMENT 

T 



34 



[ 



18 



,-16 



NON- 
SECURED 
ADDRESSES 



.A 



22 



SECURE 
ADDRESSES 
MEMORY & 
MEMORY 
MAPPED 
DEVICES 



26 



20 



6 



EP 0 602 867 A1 



CO 
LO 



CD 




OCKI 


IRCU 




o 


CO 







o 



Y I 



CO 

C5 



fa 



LU 
CC 

CO 

< 

co 



C\J 





LU 


LU 




TAT 


CHI 


CO < 







CO 

a: cc cc 
o o o 
co co co 




7 



EP 0 602 867 A1 



FIG. 4 




START 




60 



SELECT FROM LIST 
OF SECURE FUNCTIONS 
TO EXECUTE 



i 



STORE SELECTION IN 
SELECTION REGISTER 



INSTRUCT MICROCONTROLLER 

TO GET NEXT INSTRUCTION 
FROM SECURE ENTRY ADDRESS 



I 



FIRST INSTRUCTION AT SECURE 
ENTRY ADDRESS IS TO SEND THE 
APPROPRIATE THREE WRITE 
COMMANDS TO UNLOCK PSM 



i 



READ SELECTION REGISTER TO 

SEE WHICH FUNCTION THE 
APPLICATION WOULD LIKE THE 
MICROCONTROLLER TO EXECUTE 



MICROCONTROLLER EXECUTES 
INSTRUCTIONS STORED AT THE 
APPROPRIATE SECURE ADDRESS 
FOR THE CHOSEN FUNCTION 



i 



AS MICROCONTROLLER READS 
THE FIRST INSTRUCTION FROM 
THE APPLICATION ENTRY POINT 
THE PSM RELOCKS 



r 62 




64 



66 



^68 



70 



72 



74 



8 



EP 0 602 867 A1 



FIG. 5 




POWER UP OR RESET 




90 



INTERNAL 
DIAGNOSTICS 




92 



START 
APPLICATION 




SET BREACH 
FLAG 



1 



EXECUTE 
RECOVERY 
PROCEDURE 



r 



99 



9 



EP 0 602 867 A1 




European Patent 



EUROPEAN SEARCH REPORT 



Application Nun bo* 

EP 93 30 9785 



A 

Y 



A 
A 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation af dccn mmt wit h indication, when appropriate 
of rctevapt paasagca 



6B-A-2 228 350 (GESELLSCHAFT FOR STRAHLEN 
UND UMWELTFORSCHUNG) 

* abstract; figure 1 * 

* page 2, line 12 - page 3, line 12 * 

* page 9, line 3 - page 12, line 29 * 

* page 14, line 12 - line 13 * 

US-A-3 827 029 (SCHLOTTERER ET AL) 

* abstract; figures 1.3.4A * 

* column 2, line 64 - column 4, line 28 * 

* column 14, line 10 - column 16, line 5 * 

* claim 6 * 



EP-A-0 331 407 (HITACHI MAXELL) 



The present 



report Ins been drawn op for nil 



Reftevi 



1-3 



4-6 



7-9 
4-6 



1-3,7-9 



CLASSIFICATION OP THE 
APPLICATION ffntCLS) 



G06F12/14 



TECHNICAL FIELDS 

OotCLS) 



G06F 



FUaMl 

THE HAGUE 



Ztteef caa»bti««f tta 

2 February 1994 



Powell, D 



X 

Y 

A 
O 

P: 



CATEGORY OF CITED DOCUMENTS 

particularly rdmnt If taken tlooe 

parti caJariy relevant If cob Used with another 

eoctraent of in* tame category 



ora-nrtttc. disclosure 
Intcnioititt coament 



T : theory or principle underlying the tnventioa 
E : etrUer patrol eoqmeot, but pghUshee 1 on, or 

■ftar tha Wing date 
D : docmnent dtad hi tb« application 
L j docaaoat dtoi for other nuobs 

»W»»M»m»»» WllM HMI 

bar of the suae patent family, co nes p o pd Jng 



10 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



